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ABSTRACT 



A chopper op amp (10) is provided having an input 
chopping waveform (70). Input chopping waveform E 
(70) is used to generate waveform C (76) and waveform 
D (78) for activating switch C (36) and switch D (38), 
respectively. The high period of waveforms C (76) and 
D (78) are reduced relative to the chopping waveform 
(70), thereby corresponding to a reduced duty cycle for 
chopper op amp (10). The period (88, 90) of chopping 
waveform (70) may be reduced below two milliseconds. 

27 Claims, 2 Drawing Sheets 
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The present invention provides the technical advan- 
LOW NOISE C HOPP ER STABILIZED AMPLIFIER tage of maintaining low offset voltages while reducing 
AND METHOD OF OPERATION input referred noise. Another important technical ad- 

vantage of the present invention includes increased 
TECHNICAL FIELD OF THE INVENTION 5 bandwidth for higher frequency applications of the 
This invention relates to operational amplifiers, and chopper op amp, thereby eliminating aliasing problems 
more particularly to an optimization construction and typically incurred at higher frequencies. The present 
operation of low noise chopper stabilized amplifiers. invention has another important aspect in that output 

noise levels are reduced throughout an increased band- 
BACKGROUND OF THE INVENTION 10 width, and therefore the scope of potential uses for 
Chopper stabilized operational amplifiers (op amps) chopper op amps is significantly increased, 
reduce DC input offset voltages. These characteristics BRIEF DESCRIPTION OF THE DRAWINGS 
make chopper op amps ideal for precision, low fre- 
quency applications such as strain gauge and thermo- F° r a more complete understanding of the present 
couple amplifiers. However, problems associated with 15 invention and for further advantages thereof, reference 
noise and aliasing arise when current chopper op amps i* now made to the following Detailed Description, 
are used in higher frequency applications. taken in conjunction with the accompanying drawings, 

Op amps commercially available today use internal m which: 
chopping frequencies in the range of 100 Hz to 400 Hz 2Q FIG- * illustrates a common scheme for prior chop- 
to ensure low DC input offset voltages on the order of P c * °P topologies; 

5 microvolts or less. The use of a chopping frequency FIG. 2 illustrates a timing diagram associated with 
'tends to limit the application of the op amp to input prior chopper op amp topologies; 
signal frequencies up to one-half of the chopping fre- FIG- 3 illustrates a timing diagram for the operation 
quency. At input frequencies higher than one-half of the 25 of the present invention; 

chopping frequency, aliasing problems occur. Aliasing FIG. 4 illustrates a comparison graph of response 
is the result of large noise spikes which occur at har- curves for prior chopper op amps versus those of the 
monies of the summation of, and difference between, present invention. 

the chopping frequency and the input frequency. For FIG. 5 illustrates circuitry for generating the wave- 
example, for an op amp which chops at a frequency of 30 forms illustrated in FIG. 3. 
500 Hz, an input frequency of 200 Hz, will give rise to hpt a It^n DFSCRTPTTON of thf 

an ahasing spike at 300 Hz and 700 Hz, and harmonics DETAILED DE|OT^ON OF THE 

Commercially available chopper op amps also often FIG. 1 illustrates a typical construction for a prior art 
actually increase noise over linear op amps when used 35 chopper op amp 10 topology. Chopper op amp 10 has 
in applications above 10 Hz. Thus, while noise is re- an input 12 comprising both a positive input 14 and a 
duced with the use of chopper op amp below 10 Hz, negative input 16. Positive input 14 is coupled to the 
increases in frequencies beyond the 10 Hz spectrum positive input 18 of the main amplifier 20 as well as to 
bring an increase in noise level associated with the am- switch B 22. Negative input 16 is connected to negative 
plified signal. 40 input 24 of main amplifier 20. Negative input 16 is fur- 

Therefore, a need has arisen for a chopper op amp ther connected to negative input 26 of nulling amplifier 
which may be utilized in larger frequency bandwidth 28, as well as to switch A 30. Both switch A 30 and 
applications while ameliorating aliasing problems and switch B 22 are connected to the positive, input 32 of 
reducing noise associated with the chopper op amp nulling amplifier 28. The output 34 of nulling amplifier 
output. 45 28 is connected to both switch C 36 and switch D 38. 

flTTlfW1 ___ „ Switch C 36 is connected to the null pin 40 of nulling 

SUMMARY OF THE INVENTION amplifier 28, as well as to external capacitor C A 42 

In accordance with the present invention, a configu- Switch D 38 is connected to the null pin 44 of main 
ration and operation for a chopper stabilized op amp is amplifier 20 and to external capacitor C^46. Switches A 
provided which substantially eliminates or reduces dis- 50 30, B 22, C 36 and D 38 may be simple transistor 
advantages and problems associated with prior chopper switches, such as CMOS transistors or the like, or any 
op amps. other suitable electronic switches. Both capacitors C4 

A chopper op amp in accordance with the present 42 and Qs46 are connected to a negative supply voltage 
invention includes both a nulling and a main amplifier. 47 for chopper op amp 10. 

The chopper op amp topology uses nulling voltages to 55 Two phases are normally included in the operation of 
correct DC errors within the nulling and main amplifi- chopper op amp 10. In a first nulling phase, switch A 30 
ers* The chopper op amp operates over a clock period and switch C 36 are closed while switch B 22 and 
wherein a first phase is associated with correcting DC " switch D 38 are held open. As a result, positive input 32 
errors in the nulling amplifier. A second clock period and negative input 26 of nulling amplifier 28 are tied 
also includes a second phase associated with correcting 60 together, thereby creating a zero differential input sig- 
DC errors in the main amplifier. The duty cycle of each nal. The output 34 of nulling amplifier 28 will therefore 
correcting phase with respect to the corresponding comprise the open loop gain thereof multiplied by the 
clock period is maintained below twenty percent magnitude of the inherent offset voltage within nulling 
(20%). Positive noise improvements are effected by amplifier 28. Because switch C 36 is closed, this output 
steadily reducing the duty cycle toward zero percent 65 signal will be directly coupled to null pin 40 of nuljjng 
(0%). A higher chopping frequency (Le. shorter clock amplifier 28, thereby causing that amplifier to null its 
period) is also utilized to minimize aliasing problems own offset voltages. Further, this output signal will be 
associated with prior chopper op amps. stored on capacitor Ca 42. 
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In a second amplifying phase of chopper op amp 10, FIG. 2 during fourth phase 68, waveform 52 and wave- 
switch A 30 and switch C 36 are opened, while switch form 56 are both high. 

B 22 and switch D 38 are closed. As a result, nulling It may be seen that both waveform 54 and waveform 

amplifier 28 is placed in parallel with the input stage of 56 are high during 50% of the corresponding periods 58 

main amplifier 20. The output 34 of nulling amplifier 28 5 and 60 of waveform 48. This percentage is known in the 

will now represent amplification of the input 12 signal art as the duty cycle of the waveforms. More particu- 

Because switch D 38 is closed, output 34 signal will be lariy, the duty cycle as pertaining to chopper Op amps 

direcdy coupled to null pin 44 of main amplifier 20. is defined as the time which either switch C 36 or switch 

Because of the internal staging of main amplifier 20, this D 38 is closed, relative to the corresponding clock peri- 

direct connection will cause main amplifier 20 to null its 10 ©ds 58 and 60, respectively. As disclosed in the earlier 

own offset voltages while also acting in parallel amplifi- noted Linear Technology Databook, and in data sheets 

cation with nulling amplifier 28. Further, output 34 of pertaining to other prior topologies, previously devel- 

nullmg amplifier 28 will be stored on capacitor C B 46. oped chopper op amps preferably use a 30% to 80% 

The DC offset : correction signals stored on capacitors du j y cycle . either switch C36 or switch D 38 are 

C A 42 and C* 46 are used to maintain nulling offset 15 dosed from 30-80% under the prior art However, such 

signals during tune periods where there » no djrect rior m device8 m not ^ ^ kvcntive con . 

nullmg from null amphfier output 34 to either nuU I pin t of ^ t mvention wherein substantiaU y re . 

40 or 44. Apia, dunng Ae nullmg phase, switch C 36is dncm the duQr fe t0 lcM ^ 2Q% a enhances 

closed while switch D 38 b opened Thus, dunng the ^ ^ fte * ' 

"ft^ P ^ rC fn W ^rt C ° Upled f nUl1 M Under * e Pri° r °* duty cycles above 20%, noise 
pm 44 of mam amplifier 20, and therefore mamteins a w „Ja^d with the chopper op amp output 

nulling voltage signal at that pm. Conversely, dunng iV ,. , * u ,. . , . , K y , v 

the amplify^ phase, switch C 36 is opened while tavB lmu £ d . th ? a Pf h f able J"*** *• ch °PP« 

switch D 38 b closed Here, capacitor C A 42 is directly °* Tf !L i f i °l T 

coupled to null pin 40 of nulling amplifier 28 and there- 25 ™ y * used for low fre « uency ^VV^Uons. As he 

fore maintains a nulling signal at that pin. frequency of the input signal mcreased, noise associated 

It may be readily appreciated that chopper op amp 10 ™* ^1°^^^^ ap P hcations above 

cycles alternatively between a nulling phase and an ^ed Jiertz Further, prior chopper op amps 

amplification phase to correct offset DC voltages werc S encraU y tooted to chopping frequencies below 

within its component amplifiers. Capacitance values for 30 500 Hz * Smce aUasitt 8 problems occur generally above 

capacitors C A 42 and C B 46 should be chosen large one-half of the chopping frequency, this further limited 

enough to maintain charges stored thereon during time the use of **** chopper to input applications below 250 

periods where there is no direct coupling to a nulling ^ . . _ . ^ 

offset signal. Typical capacitance values are on the 1x1 ^th ™ sX P hase 62 md tlurd P*** thcrc 18 no 

order of 1 jiF, but may be as low as 0.1 uF. For addi- 35 6kect coupling between output 34 of null amplifier 28 

tional detail Tegarding prior chopper op amp construe- md cithcr nuU P m 40 or H - During first phase 62, wave- 

tion and operation, reference is made to the Linear fonm 52 > H 56 and 58 are such that switch A 30 is 

Technology Databook, 1986 ed., pp. 2-128 to 2-129 on closed, while switches B 22, C 36 and D 38 are open. As 

chopping topologies, which is incorporated herein by a result > capacitor C A 42 maintains nulling at null pin 40 

reference. 40 while capacitor Cb 46 maintains nulling at null pin 44. 

While FIG. 1 depicts only a single main amplifier 20 Similarly, during third phase 66, switch B 22 is closed 

and a single nulling amplifier 28, it is to be understood while switches A 30, C 36 and D 38 are again open, 

that these amplifiers may be replaced by complete am- Thus, again there is maintained nulling by capacitors 

plification stages serving the same chopping purpose. Crf 42 and Cj?46. 

The use of single amplifiers is merely illustrative and 45 FIG. 3 illustrates a timing diagram for the electrical 

Applicant fully intends to emcompass alternative chop- waveforms generated for a chopper op amp 10 using the 

ping topologies within its invention. present invention. An input chopping waveform 70 is 

FIG. 2 illustrates a timing diagram for prior art oper- generated by a clock to drive the switches associated 

ation of chopper op amp 10 of FIG. 1. More particu- with chopper op amp 10. Input chopping waveform 70 

lariy, an input chopping waveform 48 is shown in rela- 50 may be generated by an internal clock, or clocked in 

tion to the four signals which are applied to switches A fr° m 311 external source to a clock pin on the chopper 

30, B 22, C 36 and D 38, respectively. Input chopping op amp package. Waveform 72 and waveform 74 oper- 

waveform 48 is generated by a suitable clock and trans- ate in a similar fashion as waveforms 50 and 52 (FIG. 2). 

formed by conventional circuitry into four separate However, waveform 76 and waveform 78 are generated 

waveforms: waveform 50, waveform 52, waveform 54 55 in accordance with the present invention in order to 

and waveform 56. Both a first period 58 and second provide duty cycles of 20% or less, which in turn results 

period 60 must pass in time to complete one nulling and in much lower noise. Four phases 80, 82, 84 and 86 

amplifying cycle for chopper op amp 10. During that occur over a first period 88 and second period 90 of 

cycle, there are four distinct phases: first phase 62, sec- input chopping waveform 70. Second phase 82 corre- 

ond phase 64, third phase 66 and fourth phase 68. 60 sponds to the nulling phase of chopper op amp 10, while 

It may now be readily appreciated that second phase fourth phase 86 corresponds to the amplifying phase of 

64 is the nulling phase previously mentioned in connec- chopper op amp 10. 

tion in operation of chopper op amp 10. As mentioned As illustrated in FIG. 3, the duration of the high 
above, during the nulling phase, switch A 30 and switch period of waveform 76 and waveform 78 has been re- 
C 36 are closed because waveform 50 and waveform 54 65 duced relative to first period 88 andsecond period 90 of 
arc both high. Further, the aforementioned amplifica- input chopping waveform E 70. Tims, there is a re- 
turn phase corresponds to fourth phase 68, wherein duced duty cycle for chopper op amp 10. This reduced 
switch B 22 and switch D 38 are closed. Accordingly, in duty cycle has shown positive improvements in the 
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reduction of noise in using a chopper op amp in in- 
creased bandwidth applications. 

In accordance with the present invention, substantial 
improvements in noise occur when op amp 10 is oper- 
ated with duty cycles of less than 20%. Preferably, the 5 
duty cycle is reduced to below 5%, with continued 
noise improvement being noted as the duty cycle ap- 
proaches 0%. In accordance with the invention, the 
duty cycle is thus reduced as much as possible. This 
improvement in noise occurs because the overall dura- 10 
tion of direct coupling of nulling amplifier 28 to null . 
pins 40 and 44 is reduced. As such, there is less time for 
the occurrence of internal noise fluctuations which 
normally may occur during direct coupling nulling. 

FIG. 4 illustrates the response curve for chopper op 15 
amp 10, driven with five chopping waveforms of differ- 
ent duty cycles at a chopping frequency of 10 kHz. The 
graph illustrates response in nanovolts as frequency in 
Hertz increases. Response line 92 represents the current 
existing art for the chopper op amp operating at the 20 
conventional 50% duty cycle. Similarly, response lines 
94, 96, 98 and 100 represent chopper op amp noise levels 
at duty cycles of 20%, 10%, 5% and 1%, respectively. 
It may be readily appreciated that each reduction in 
duty cycle has a corresponding reduction in noise level 25 
associated with the chopper op amp. Therefore, optimal 
noise conditions arc attained as the duty cycle ap- 
proaches 0%. 

FIG. 5 illustrates circuitry 101 for generating the 
waveforms illustrated in FIG. 3. Input 102 is connected 30 
to an inverter 104, a frequency divider 106, a NAND 
gate 108 and a NAND gate 110. The output of inverter 
104 is connected to frequency divider 106. The output 
of frequency divider 106 is connected to inverter 112 
and NAND gate 108. The output of NAND gate 108 is 35 
connected toan inverter 114. The output of inverter 112 
is connected to NAND gate 110. The output of NAND 
gate 110 is connected to an inverter 116. 

In operation of circuitry 101, the input 102 receives a 
waveform 70 which may be generated by an on-chip 40 
internal oscillator, or received from a clock pin pro- 
vided on the chopper op amp package. The output of 
frequency divider 106 represents waveform 72 for con- 
trolling switch A 30 (FIG. 1). The output of inverter 
112 represents waveform 74 utilized for controlling 45 
switch B 22 in the chopper op amp topology. The out- 
put of inverter 116 represents waveform 78 utilized to 
control switch D 38. The output of inverter 114 repre- 
sents the switching waveform 76 for switch C 36. Ac- 
cordingly, the logic characteristics known in the art and 50 
associated with the various devices of circuitry 101 
combine to generate the waveforms of FIG. 3. The 
elements within circuitry 101 may be varied to create 
reduced duty cycles, and to substantially approach a 
0% duty cycle. 55 

The present invention thus provides substantially 
enhanced noise performance for chopper op amps, 
thereby increasing the 'usefulness of such op amps at 
higher frequencies by reducing the duty cycle. 

Another aspect of the present invention involves 60 
variation in the frequency of the chopping waveform. 
Currently available chopping op amps typically use a 
chopping frequency of approximately 500 Hz, thereby 
corresponding to a chopping period of 2 milliseconds. 
Aliasing problems result when the input signal fre- 65 
quency approaches one-half of the chopping frequency. 
Therefore, the use of prior chopping op amps has 
tended to be limited to input frequency applications of 



under 250 Hz, that is, one-half of the prior chopping 
frequency. The reduction of noise under the present 
invention is associated with the use of much higher 
chopping frequencies. As a result, chopping frequencies 
from 500 Hz (period of two milliseconds) to 20 kHz 
(period of fifty microseconds) may be used with the 
present invention with improvement over the noise 
problems previously associated with the 50% duty 
cycle chopping amplifiers. Indeed, the response curves 
illustrated in FIG. 4 were determined at a chopping 
frequency of 10 kHz. Consequently the present inven- 
tion substantially reduces aliasing problems heretofore 
encountered with conventional chopper op amps. 

Although the present invention has been described in 
detail, it should be understood that various changes, 
substitutions and alterations can be made hereto without 
departing from the spirit and scope of the invention as 
defined by the appended claims. 

What is claimed is: 

L A chopper stabilized amplifier cycling at a clock 
period, comprising: 
a nulling amplifier; 

a main amplifier associated with said nulling amplifier 

to form the chopper stabilized amplifier; 
circuitry for generating a clock period including a 
first clock phase for correcting DC errors in said 
main amplifier, said first clock phase having a dura- 
tion less than 20% of the clock period. 
Z The chopper stabilized amplifier of claim 1 
wherein said clock period includes a second clock phase 
for correcting DC errors in said nulling amplifier, said 
second clock phase of a duration less than 20% of the 
clock period. 

3. The chopper stabilized amplifier of claim 1 and 
further including a plurality of switches for operating 
said nulling amplifier and said main amplifier in accor- 
dance with said first and second clock phases. 

4. The chopper stabilized amplifier of claim 3 
wherein said switches comprise transistor switches. 

5. A chopper stabilized amplifier cycling at a clock 
period, comprising: 

a nulling amplifier; 

a main amplifier associated with said nulling amplifier 
to form the chopper stabilized amplifier; and 

circuitry for generating a clock period including a 
first clock phase for correcting DC errors in said 
main amplifier, and a second clock phase for cor- 
recting DC errors in said nulling amplifier, the first 
clock phase being of a duration less than or equal to 
5% of the clock period, and the second clock phase 
being of a duration less than or equal to 5% of the 
clock period. 

6. The chopper stabilized amplifier of claim 5, 
wherein the duration of said first clock phase substan- 
tially approaches zero percent of the clock period, and 
the duration of said second clock phase substantially 
approaches zero percent of the clock period. 

7. The chopper stabilized amplifier of claim 1 
wherein the clock period is less than two milliseconds. 

8. A chopper stabilized amplifier having a clock oper- 
ating over a clock period, comprising: 

a nulling amplifier; 
a main amplifier; 

a first clock pliase for correcting DC errors in said 
nulling amplifier, said first clock phase occurring 
for a time less than 20% of the clock period; and 
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a second clock phase for correcting DC errors in said 
main amplifier, said second clock phase occurring 
for for a time less than 20% of the clock period. 

9. The chopper stabilized amplifier of claim 8 and 
further including transistor switches for operating said 
nulling amplifier and said main amplifier in accordance 
with said first and second clock phases. 

10. The chopper stabilized amplifier of claim 8 and 
further comprising: 

a first capacitor associated with said nulling amplifier 
for correcting DC errors of said nulling amplifier; 
and 

a second capacitor associated with said main ampli- 
fier for correcting DC errors of said main ampU- 
fier. 

11. The chopper stabilized amplifier of claim 8 
wherein the clock period is substantially less than two 
milliseconds. 

12. A chopper stabilized amplifier cycling at a clock 
period comprising: 

a nulling amplifier; 
a main amplifier; 

a first clock period including a first clock phase for 
correcting DC errors in said nulling amplifier, said 
first clock phase having a duration less than 20% of 25 
the first clock period; 

a second clock phase for correcting DC errors in said 
main amplifier, said second clock phase having a 
duration less than 20% of the first clock period; 
and 

said clock period being less than two milliseconds in 
order to reduce aliasing problems. 

13. The chopper stabilized amplifier of claim 12 and 
further including a clock period between fifty microsec- 
onds and two milliseconds. 

14. A method for amplifying an electrical signal with 
a chopper stabilized amplifier including a nulling ampU- 
fier and a main amplifier, comprising: 

inputting the electrical signal into the chopper stabi- 
lized amplifier; 

clocking the chopper stabilized amplifier over a clock 
period having a first phase; 

clocking the chopper stabilized amplifier over a clo.ck 
period having a second phase; and 

maintaining said first phase for a time period shorter 45 
than 20% of said clock period. 

15. The method for amplifying an electrical signal 
with a chopper stabilized amplifier of claim 14, and 
further including maintaining said second phase for a 
time period shorter than 20% of said clock period. 

16. A method for amplifying an electrical signal with 
a chopper stabilized amplifier including a nulling ampU- 
fier and a main amplifier, comprising: 

inputting the electrical signal into the chopper stabi- 
lized amplifier; 

clocking the chopper stabilized amplifier over a clock 
period having a first phase; 

clocking the chopper stabilized amplifier over a clock 
period having a second phase; 

maintaining said first phase for a time period equal to 60 
or less than five percent of said clock period; and 

maintaining said second phase for a time period equal 
to or less than five percent of said clock period. 

17. The method for amplifying an electrical signal 
with a chopper stabilized amplifier of claim 14, and 65 
further comprising: 

correcting the DC errors of the nulling amplifier with 
a null voltage; and 
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correcting the DC errors of the main amplifier with a 
null voltage. 

18. The method for amplifying an electrical signal 
with a chopper stabilized amplifier of claim 17, wherein 
said correcting steps further include storing said null 
voltages on capacitors associated with the nulling am- 
plifier and the main ampUfier. 

19. The method for amplifying an electrical signal 
with a chopper stabilized ampUfier of claim 14, and 
farther including maintaining said clock period for a 
time substantially less than two milliseconds. 

20. A method for amplifying an electrical signal with 
a chopper stabilized ampUfier including a nulling ampU- 
fier and a main amplifier, comprising: 

inputting the electrical signal into the chopper stabi- 
lized amplifier, 

clocking the chopper stabilized ampUfier over two 
clock periods, a first period having a first phase and 
a second period having a second phase; and 

mamtaining said first phase for a time period shorter 
than 20% of said clock period. 

21. The method for amplifying an electrical signal 
with a chopper stabilized amplifier of claim 20, and 
further including maintaining said second phase for a 
time period shorter than 20% of said clock period. 

22. The method for amplifying an electrical signal 
with a chopper stabilized amplifier of claim 20 and 
further including switching DC offset correction sig- 
nals in accordance with said first and second clock 
phases. 

23. The method for amplifying an electrical signal 
with a chopper stabilized amplifier of claim 20 and 
further including storing DC offset correction signals 
on capacitors associated with the nulling amplifier and 
the main amplifier. 

24. A method for amplifying an electrical signal with 
a chopper stabilized amplifier including a nulling ampli- 
fier and a main amplifier, comprising: 

inputting the electrical signal into the chopper stabi- 
lized amplifier; 

clocking the chopper stabilized amplifier over two 
clock periods, a first clock period having a first 
phase and a second clock period having a second 
phase; and 

maintaining said first phase and said second phase for 
a time period equal to or less than five percent of 
one of said clock periods. 

25. The method for amplifying an electrical signal 
with a chopper stabilized ampUfier of claim 20 and 
further including maintaining the clock period for a 
time substantially less than two milliseconds. 

26. A method for amplifying an electrical signal with 
a chopper stabilized ampUfier including a nulling ampU- 
fier and a main amplifier, comprising: 

inputting the electrical signal into the chopper stabi- 
lized amplifier; 

clocking the chopper stabilized amplifier over a two 
clock periods, a first clock period having a first 
phase and a second clock period having a second 
phase; 

maintaining said clock period for a time shorter than 
two milliseconds; and 

maintaining said first phase and said second phase for 
a time equal to or less than five percent of one of 
said first clock period or said second clock period. 

27. The method for ampUfying an electrical signal 
with a chopper stabilized amplifier of claim 26 and 
further including maintaining said clock period between 
fifty microseconds and two milliseconds. 

• * * • * 
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